一般化線形相補性理論と整数計画法を用いた区分的線形抵抗回路の完全解析 by 加藤 弘之
(2012 )
Complete Analysis of Piecewise-Linear Resistive Circuits Using
the Generalized Linear Complementarity Theory and Integer Programming
Hiroyuki KATO
1.
[1]
[1]
(complete analysis)
[1]
(generalized
linear complementarity problem: GLCP)
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(linear complementarity problem:
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[4],[5] SCIP[6], CPLEX[7]
2.
λ
λ+ = max{λ, 0}, λ− = max{−λ, 0} (1)
1 Rn
n+1 x0, x1, x2, · · · ,xn
x+∞ x−∞ 1
x = x0 + x−∞ · λ− + (x1 − x0) · λ+
+
n∑
k=2
(xk − 2xk−1 + xk−2) · λ+k−1
+ (x+∞ − xn + xn−1) · λ+n
λ+j − λ−j = λ+ − λ− − j, j = 1, 2, · · · , n
λ+, λ−, λ+j , λ
−
j ≥ 0, j = 1, 2, · · · , n
λ+ · λ− = 0, λ+j · λ−j = 0, j = 1, 2, · · · , n
(2)
(2)
[1]
Mw +Nz = q · α
w, z ≥ 0, α ≥ 0
wt · z = 0
(3)
M ∈ Rm×n, N ∈ Rm×n, q ∈ Rn
w ∈ Rn, z ∈ Rn, α ∈ R
(3) M α = 1
m < n
α
3.
(3)
3. 1
extreme ray[1]
(3)
cross-complementary [2]
Step 1 (3)
( )
Step 2 extreme ray Step 1
extreme ray
(m < n) Step 3
Step 3 Step 2
cross-complementary
Step
3. 2
(3) (3)
(3) 1
3
wt · z = 0
0-1
wl ≤ Lµl
zl ≤ L(1− µl)
µl ∈ {1, 0}, l ∈ D
(4)
L D w, z
(4) 0-1 µl, tl wl, zl
0
(4) (3)
∑
l∈D
µl
Mw +Nz = q · α
wl ≤ Lµl
zl ≤ L(1− µl)
µl ∈ {1, 0}, l ∈ D
(5)
(5) (3) (5)
w, z (3)∑
l∈D(µl) µ
(5)
(3)
3. 3 extreme ray
extreme ray 0
extreme ray
0-1
1 (3)
w1 w2 w3 z1 z2 z3 α
1 2 1 0 0 0 0 1
2 1 1 0 0 0 1 0
3 1 1 1 0 0 0 0
∑
l∈D
(µl + tl)
∑
l∈µ(k)
µl +
∑
l∈t(k)
tl + αk · α
≥ (|µ(k)|+ |t(k)|+ αk) · ρk
σ∑
k=1
ρk = 1
µl, tl, αk, α, ρk ∈ {0, 1}
k = 1, 2, · · · , σ
(6)
σ k
αk α 1 µ, t
µ(k), t(k) |µ(k)|, |t(k)|
ρ 1 ρk = 1 k
extreme ray
(3)
3. 4
(m <
n) Step 2
[1] 3 cross-complementary
[1] 2 cross-complementary
(wi)t · zk = (wk)t · zi = 0, i 6= k
cross-complementary
Step 2 1
(w1)T · (z2) = (w2)T · (z1) = 0
1 2
Step 2 extreme ray
0-1 0-1
K Step 2
cross-complementary
iD
iD
iR
vR
vD
i
-1
-1
1
1
R
vR
R
(a)
(b)
2 v − i
∑
l∈D
(µl + tl)
∑
l∈µ(k)
µl +
∑
l∈t(k)
tl ≥ (|µ(k)|+ |t(k)|) · pk
µl + tl ≤ 1
K∑
k=1
pk = 2
µl, tl, pk ∈ {0, 1}, k = 1, 2, · · · ,K
(7)
(7) pi = pk = 1 i
k
4.
[1] 4 2
2(b)
(2)
 id
vd
 =
 λ+d
−λ−d

λ+d , λ
−
d ≥ 0
λ+d · λ−d = 0
(8)
2 (9)
1 2 3 4 5 6 7 8
λ+ 0 0.5 2.5 3 4 0 0 100
λ+1 0 0 1.5 2 3 0 0 100
λ+2 0 0 0.5 1 2 0 0 100
λ+3 0 0 0 0 1 0 0 100
λ+4 0 0 0 0 0 0 0 100
λ+d 1 0 0 1 1 0 0 0
λ− 0 0 0 0 0 0 100 0
λ−1 1 0.5 0 0 0 0 100 0
λ−2 2 1.5 0 0 0 0 100 0
λ−3 3 2.5 0.5 0 0 0 100 0
λ−4 4 3.5 1.5 1 0 0 100 0
λ−d 0 0 0 0 0 100 0 0
α 1 1 1 1 1 0 0 0
2(a)

2 −2 −2 2 0 1
1 −1 0 0 0 0
1 0 −1 0 0 0
1 0 0 −1 0 0
1 0 0 0 −1 0


λ+
λ+1
λ+2
λ+3
λ+4
λ+d

+

0 0 0 0 0 0
−1 1 0 0 0 0
−1 0 1 0 0 0
−1 0 0 1 0 0
−1 0 0 0 1 0


λ−
λ−1
λ−2
λ−3
λ−4
λ−d

=

1
1
2
3
4

· α
λ+i , λ
−
i ≥ 0, i = 1, 2, 3, 4
λ+, λ−, λ+d , λ
−
d , α ≥ 0
λ+ · λ− = λ+1 · λ−1 = λ+2 · λ−2
= λ+3 · λ−3 = λ+4 · λ−4 = λ+d · λ−d = 0
(9)
(9) 2
H = 100 SCIP
2 3 v− i
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